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A PROGRESS REPORT ON R A D I O  TELEMETRY FROM I N S I D E  THE BODY 

I 

R. S tua r t  Mackay . Space Sciences Labora tory  and Medical Physics D i v i s i o n  
/ U n i v e r s i t y  o f  C a l i f o r n i a  

Berkeley,  C a l i f o r n i a  -- 

ABSTRACT 

D i f f e r e n t  u n i t s  have been demonstrated t h a t  
a re  small  enough t o  f i t  i n  the  eye, powerful  
enough t o  t ransmi t  from a f r e e l y  swimming do lph in  
i n  ocean water,  s t a b l e  enough t o  t ransmi t  m u l t i -  
p l e  i n fo rma t ion  con t inuous ly  f o r  years a f t e r  im-  
p l a n t i n g ,  and s u i t a b l e  f o r  t r a c k i n g  w i l d  animals.  
Both l a b o r a t o r y  and f i e l d  experiments a re  des- 
c r i bed ,  us ing  bo th  passive and a c t i v e  t ransmi t -  
t e r  s. 

INTRODUCTION 

The te lemete r ing  o f  phys io log i ca l  in fo rmat ion  
from w i t h i n  t h e  body o f  man and animals has pro-  
gressed f a r  s ince  i t s  o r i g i n  i n  1952. A t  t h a t  
t ime,  I was i n t e r e s t e d  i n  a problem i n  u ro logy  
and asked one o f  my students,  M r .  Bob Markevi tch,  
t o  e x p l o r e  some p o s s i b i l i t i e s  f o r  pressure t rans-  
m iss ion  by  r a d i o  from w i t h i n  the bladder.  We 
were unable t o  power an a c t i v e  t r a n s m i t t e r  us ing  
one o f  t h e  o r i g i n a l  po in t - con tac t  t r a n s i s t o r s  and 
so pass ive  t ransmiss ion  was explored. Pa r t s  o f  
h i s  I954 undergraduate research r e p o r t  t o  me are 
reproduced i n  F ig .  1 .  The development o f  j u n c t i o n  
t r a n s i s t o r s  a l lowed a c t i v e  t ransmission, and the 
f i r s t  g e n e r a l l y  a v a i l a b l e  a r t i c l e  on t h i s  sub jec t  
( I ) ,  d u l y  n o t i n g  the  prev ious  work, was publ ished 
w i t h  Jacobson, whom I had in te res ted  w h i l e  work- 
i ng  i n  Sweden. We named these i n g e s t i b l e  u n i t s  
"endoradiosondes". A t  about t h a t  t ime, and 
s ince ,  workers i n  many p a r t s  o f  the  wor ld  have 
c o n t r i b u t e d  ( 2 , 3 ) .  

Some advances from my labo ra to ry  a re  ind ica ted  
i n  the  f o l l o w i n g  f i g u r e s ,  which w i l l  be discussed 
more f u l l y  i n  my l e c t u r e .  U n i t s  can be made 
small  enough t o  be s u r g i c a l l y  implanted i n  the  
f r o n t  chamber o f  the  eye i n  connect ion w i t h  the 
glaucoma problem ( 3 ) ,  and o the rs  a r e  powerful  
enough t o  te lemeter  from w i t h i n  an un te thered 
d o l p h i n  (4 ) .  The wing mot ion  o f  hummingbirds 
has been mon i to red  from the  vo l tages  induced i n  a 
c o i l  by  a smal l  sec t i on  o f  magnetized needle on 
t h e  w ing ,  and the  same cou ld  be done t o  monitor 
ear mot ion  o f  t he  horseshoe ba t .  I n  humans, ob- 
se rva t i ons  a r e  r o u t i n e ,  e.g., t he  t e s t i n g  o f  
drugs i s  p r o v i n g  use fu l .  In  t h i s  case, l o c a l i z a -  
t i o n  i s  e f f e c t e d  w i t h  the  he lp  o f  a t r a i l i n g  
th read  and the  swal lowing of  bar ium before  tak ing  
X-rays; i f  the  th read i s  used t o  r e s t r a i n  mot ion 
onward by t h e  capsule,  then i t  i s  found t h a t  the 
gu t  w i  1 1  i ns tead  sl i d e  backwards and forwards 
somewhat over i t .  

I have a l s o  t racked and s tud ied  cold-blooded 
animals i n  the  w i l d  s ta te ;  on the Galapagos 
Is lands ,  I fo l l owed  d i u r n a l  deep body temperature 
cyc les  i n  400 pound t o r t o i s e s  and i n  the  remark- 
a b l e  marine iguana. 

New c i r c u i t s  t h a t  a re  more s tab le  and longer 
l i v e d  have been developed. U n i t s  have been i m -  
p lan ted  and are  s t i l l  t r a n s m i t t i n g  con t inuous ly  
a f t e r  w e l l  over a year. A ha l f -dozen d i f f e r e n t  
v a r i a b l e s  can simultaneously be t ransmi t ted  from 
w i t h i n  a small  animal.  Even b lood pressure can 
be monitored r e l a t i v e l y  w e l l  us ing  the  p r i n c i p l e  
o f  t h e  Mackay-Marg tonometer (5). G a s t r o i n t e s t i -  
na l  b leed ing  s i t e  can be l o c a l i z e d  ( 3 ) ,  bu t  
recent  r e p o r t s  o f  boron t o x i c i t y  suggest employ- 
i n g  a d i f f e r e n t  hydrogen perox ide  r e a c t i o n  
r a t h e r  than us ing  sodium perborate,  even though 
the  l a t t e r  i s  used i n  t o o t h  powder. 

P l a s t i c s  have been s tud ied  f o r  t h e i r  permeabi- 
l i t y  p roper t i es .  Both pass ive  and a c t i v e  t rans -  
m i t t e r  types a re  h i g h l y  developed, and have 
d i f f e r e n t  spheres o f  u t i l i t y .  New antenna types 
w i t h o u t  c o i l s  a r e  va luab le ,  and bo th  omnidirec- 
t i o n a l  methods and booster t r a n s m i t t e r s  have been 
brought t o  a s a t i s f a c t o r y  s t a t e .  Var ious modula- 
t i o n  methods have been explored, one o f  t he  most 
s a t i s f a c t o r y  be ing  pulse-frequency modu la t ion  ( I ) .  
Factors  a f f e c t i n g  the  cho ice  o f  t he  bas i c  r a d i o  
frequency a r e  now b e t t e r  understood, t h e  l a t t e r  
be ing  chosen i n  a range from about 50 k i l o c y c l e s  
t o  100 megacycles, depending on a p p l i c a t i o n .  

The f o l l o d i n g  f i g u r e s  a m p l i f y  on some o f  these 
mat te rs .  I n  these, i t  i s  assumed t h a t  t he  reader 
i s  f a m i l i a r  w i t h  a t  l e a s t  re fe rence 3 ;  t he  
ser ious  worker i s  cau t ioned tha t  f a l l a c i o u s  sur-  
veys have r e c e n t l y  appeared i n  o therw ise  reputab le  
j o u r n a l s  dea l i ng  w i t h  medical  e l e c t r o n i c s .  
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F i g .  1 .  Three f i g u r e s  from undergraduate research r e p o r t  by Bob Markev i tch  
dated Summer, 1954, d e p i c t i n g  the use o f  a scanning g r i d - d i p  meter 
t o  f o l l o w t h e  ou tpu t  o f  an i n t e r n a l  passive t r a n s m i t t e r .  Th i s  arrange- 
ment gave use fu l  s igna ls  f rom w i t h i n  the  mouth, b u t  was no t  t es ted  i n  
the  bladder.  Some o f  these c i r c u i t  methods a re  s t i l l  va luab le .  (A) :  
Connections f o r  d i s p l a y  o f  ou tpu t  on o s c i l l o s c o p e  us ing  a vo l tage  sensi-  
t i v e  condenser t o  p rov ide  t h e  frequency sweep. (8 ) :  P lac ing  several  non- 
l i n e a r  condensers i n  s e r i e s  gives a l i n e a r  e f f e c t  i n  the  meter c i r c u i t  
w h i l e  l e a v i n g  them i n  p a r a l l e l  and thus s e n s i t i v e  w i t h  regard t o  the  
c o n t r o l  vo l tage.  ( C ) :  Osc i l loscope d i s p l a y ;  peaks s h i f t  w i t h  core  mot ion.  
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Battery Trans is tor Coil 
I --Seal m / c1 IT nl ing tape 

Ferrite or 
aluminum core 

-'-Diaphragm - 
Fig. 2. Frequency modulated pressure sensing transmitter configuration based 

on the 1957 circuit (Ref. I ) .  Periodic blocking is observed in addi- 
tion, with a frequency that depends on temperature if the transistor 
is of germanium. Better blocking action is obtained with a silicon 
transistor and a resistor from base to collector; if this resistance 
is small, continuous oscillation results. Variable R in the form of 
a thermistor or cadmium sulphide cell, or variable C 1  in the form of 
a pressure sensitive condenser fabricated of anodized aluminum sheets, 
can modulate the blocking frequency. 

The continuously oscillating form is excellent for transmitting fluc- 
tuations such as peristaltic contractions, but when absolute pressures 
are to be determined over long periods, the following arrangements 
must be employed. 

PROBE FACE 

I 
1.35 c m  

Fig. 3 .  Unit for continuously telemetering blood pressure through the intact 
blood vessel wall after clamping to an artery. The principle is that 
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F i g .  3 .  (cont inued) o f  a f o r c e  t ransducer surrounded by an i n s e n s i t i v e  coplanar 
annulus, as i n  the  Mackay-Marg tonometer. Animal experiments i n d i c a t e  
t h a t ,  i f  the  readings a re  t o  be independent of t he  e l a s t i c  p r o p e r t i e s  
o f  the b lood vessel  w a l l ,  and changes the re in ,  then t o t a l  mot ion  of 
t he  transducer (degree o f  c o p l a n a r i t y )  must be 1 i m i  ted  t o  l ess  than 
0.001 inch. 

The b a t t e r y  case and antenna c o i l  a r e  separated f o r  good r a d i a t i o n  
e f f i c i e n c y .  A Hami l ton  watch b a t t e r y  #I62171 w i l l  r un  such a u n i t  
f o r  about two years; b a t t e r y  te rm ina ls  a re  a t tached by spot we ld ing .  
The c o r r e c t  antenna c o i l  p o l a r i t y  must be used i n  the  ou tpu t  stage. 
The t e f l o n  cover i s  glued i n t o  p lace ;  Kel F may be used i f  i t  proves 
less  permeable t o  body f l u i d s .  

Stainles 
steel 

Glass 
\ 

S 

J 

Electronics 

Battery Hamil ton #505 

k I = 
Antenna electrode 

!rrite 

Fig. 4. Un i t  s i m i l a r  t o  above us ing  s t a i n l e s s  s t e e l  "bel lows",  more s e n s i t i v e  
motion t ransducer,  and a t r a n s m i t t i n g  antenna c o n s i s t i n g  of two con- 
duc t ing  e lec t rodes  c o n t a c t i n g  the  body r a t h e r  than a loop o f  w i r e  (see 
Ref. 4 ) .  A l l  dimensions a re  i n  inches. No m a t e r i a l s  permeable t o  
body f l u i d s  a re  exposed. 
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Fig. 3 .  (continued) of a force transducer surrounded by an insensitive coplanar 
annulus, as in the Hackay-Harg tonometer. Animal experiments indicate 
that, if the readings are to be independent of the elastic properties 
of the blood vessel wall, and changes therein, then total motion of 
the transducer (degree of coplanarity) must be limited to less than 
0.001 inch. 

The battery case and antenna coil are separated for good radiation 
efficiency. A Hamilton watch battery #162171 will run such a unit 
for about two years; battery terminals are attached by spot welding. 
The correct antenna coil polarity must be used in the output stage. 
The teflon cover is glued into place; Kel F may be used if it proves 
less permeable to body fluids. 

Stainles 
steel 

Glass 
\ 

Electronics 

I 
Battery Hamilton #505 

9/16 v- 
Antenna electrode 

Fig. 4. Unit similar to above using stainless steel I'bellows", more sensitive 
motion transducer, and a transmitting antenna consistlng of two con- 
ducting electrodes contacting the body rather than a loop of wire (see 
Ref. 4). All dimensions are in inches. No materials permeable to 
body fluids are exposed. 
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12 k 

MT 101 

F i g .  5. S tab le  low c u r r e n t  t r a n s m i t t e r s ,  each w i t h  a separate ou tpu t  stage. 
P a r t  a: With t h r e e  microamperes t o t a l  c u r r e n t  d r a i n  f rom a s i n g l e  
b a t t e r y  c e l l ,  t he re  i s  0.6 v o l t s  peak-to-peak across the  antenna c o i l  
a t  t h e  top. Current  d r a i n  can be f u r t h e r  reduced by i nc reas ing  the  
lOOk r e s i s t o r .  P a r t  b :  Wi th  a t o t a l  c u r r e n t  d r a i n  o f  e leven m ic ro -  
amperes, t h e r e  i s  1.8 v o l t s  across the  antenna c o i l .  

S t r a y  c a p a c i t y  across the  6.8k r e s i s t o r  reduces the independence of  
these c i r c u i t s  on  t r a n s i s t o r  p r o p e r t i e s .  A s i n g l e  s i l v e r  ox ide  c e l l  
i s  used f o r  power. 
condenser. r a t h e r  than the inductance. 

Frequency can be modulated by  changing the  100 p f  

A + 
P 

B t1.5 
1 

. 
;47 kR 

- 

MTl 01 

F ig .  6 .  A "negat ive impedance" can be used t o  cancel  most o f  t he  unchanging impedance 
i n  a t ransducer ,  thus l eav ing  any changes t o  produce l a r g e r  percentage 
frequency s h i f t s .  (A )  Negat ive inductance c i r c u i t .  ( B )  S i m p l i f i e d  o s c i l l a t o r ;  
armature mot ion near one c o i l  increases frequency and near o t h e r  decreases i t .  
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F i g .  7. 

Suppor t i ng  c u f f  f o r  h o l d i n g  b l o o d  
p r e s s u r e  t ransducer  i n t o  c o n t a c t  
w i t h  an a r t e r y ,  t h e  u n i t  shown 
s e p a r a t i n g  t h e  t ransducer  and t r a n s -  
m i t t e r ,  t h e  l a t t e r  t o  be a t  a con- 
v e n i e n t  subcutaneous p o s i t i o n .  The 
c u f f  i s  formed o f  S i l a s t i c  362 i n  a 
T e f l o n  mold ,  w i t h  t h e  t h i n  p a r t  b e i n g  
c a s t  ove r  Dacron mesh. The a r t e r y  i s  
s l i p p e d  i n t o  t h e  n o t c h  seen i n  t h e  
l e f t - h a n d  u n i t ,  a f t e r  wh ich  t h e  ex ten -  
s i o n s  a r e  wrapped around and t i e d .  
Such u n i t s  have been i n  p l a c e  f o r  t h r e e  
months on t h e  c a r o t i d  a r t e r y  o f  a ; G L  

and f o r  a year on t h e  a o r t a  o f  a r a b b i t  
w i t h o u t  caus ing  damage. 

F i g .  8. C i r c u i t  t h a t  i s  f requency  modu la ted  by t h e  a c t i o n  o f  t h e  n o n l i n e a r  d i o d e  D I  
i n  response t o  e l e c t r o e n c e p h a l o g r a p h i c  v o l t a g e  changes. For e l e c t r o c a r d i o -  
g raph ic  s i g n a l s ,  one i n p u t  s tage  o f  a m p l i f i c a t i o n  can be o m i t t e d .  
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3.3K 4.7K 

FET / 
to * 

1N34 8.2K 
k 

Ge 

0 

R>500 Megohms 

Fig. 9. High input resistance circuit suitable for accepting the signals from oxygen 
electrodes, pH electrodes, or glass electrodes for sensing other ions. The 
field-effect transistor was a Crystalonics C623. The diode temperature CM- 
pensates the astable muitlvibrator, whose frequency range is set by choice of 
C. 
a nonlinear condenser. 

Larger frequency shifts are observed than with competing methods employing 
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!IhTER ABSORPTION OF EPOXY RESINS 

R e s i n  H a r d e n e r  R e r i n / H a r d e n e r  14 Day I 28 Days 
Epon (526(1) EM 3Uu(2) 111 2 .  3% 3.6% 
Epon 826  
Epon 526 
Epon C;26 
D E R  332(4)  
DER 332 
D E R  332 
EC-2216 B(5 )  
Arms t rong  A - 2 ( 6 )  
Arnmstrong A-2  
ArmsLrong C-3 
Armstrong C - 3  
Epoca.;L 202(7)  
Epo .a sL  202 
Epoca;L 2U2 

E p o c a s t  2U2 
E p o c a s i  202 
Epocas.  2U2 
DER 312 
DE3 332  
DER 332 
S i l a s  t i L  3 ~ 2 ( 1 0 )  

E p o c a s t  2u2  

EM 3 0 , ~  
Ve r; ani i o 140 ( 3) 
Ver:,amid 14U 
EMJU<\ 
Versamid  :4U 
Versamid  140  
EC-221 bA 
Acc ivaLor  E 
A L L i v a ~ o r  A 
A c t i v a t o r  E 
Ac L i v a L o r A 

TETA ( 7 )  
TETA 
UTA ( 8 )  
UTA 
AEP (0) 

AEP 
AEP 
DTA 
Versainid 140  

D - 4 u  ( 7 )  

. .  
Type A Adlie,ive( 10) 
A c r y ,  IC 
Tef I o n ( 9 )  
G l a s s  
A r a l d ~ ~ e  6 0 0 5 ( 1 l )  13IH(LI)136(11)  
A r a l d L L c  6005 13111 
V c r s a l  1011 l 1 2 ( 3 )  
Ver sa1 ;o i r  ; 17’5(3) 
E p o c a s ~  2U2 Vcr , m i i d  140  
Epoca,L 202  Ver,amid 1 1 5  
Epori b26 Versani id  140 
Epon S26 Ver;aiiiid 1 I S  
Ara ldLLe  6UUS Vcr jamid  1160 
A r a l d i L e  502  TETA 
Epocas t  202 TETA 

21 I I . by” 
I l l  I .% 
2 i  I I .  U%, 
21 1 I .0% 
111 2 .  2% 
21 I U . Y %  
21 3 2 .  U7” 

IOU/ 6 I .  0% 
IOU14 U.9% 
l 0 0 l l 2  3 .  Y %  
l o o /  8 1 . 2 %  
lUUll5 2.U% 

1011 0 .9% 
5 1  I 2 . 4 %  

1011 1 .U% 
5,’1 5.9% 

1011 I .W“ 
5 1  1 2 . .1% 

l0U/I5 I . U% 
1 G 1  I 2. I %  

31 1 0.9% 
<. 1 %  

. 2% 
U.Y% 
c. 17, 
4 .  I% 

l U 1 3 / 3  u.  5% 
2: l u .  >7” 

u.  I,% 

u.  77” 
713 I .  3% 
1 1 3  1 . 1 %  
7 1 3  . . V %  
7 / 3  i . 2% 
713 i . U% 

l U U / b  . 4% 
lUU/  0 . 9% 

I . 5 %  
3 .  3% 
I .6% 
I . 3% 
4. 5% 
1 .i% 
2.8% 

I . 5 %  
6.0% 
1 .7% 
2.8% 
I . 3 %  
3.5% 
1 .6% 
L . L% 
1 . 7 %  
3 . 9 %  
I .6% 
3 .2% 
1 . 3 %  

L .3% 
<. 1 %  
<. I %  
u .  1% 
u .  7% 

A l l  epoxy r e s i n s  were  c u r e d  7 d a y s  a t  55 -60  C. C y l i n d e r s  o f  Llie p l a s L i c  
approxrmaLe ly  I 112 d i a m e t e r ,  1 . i n .  IengLh, w e r e  s o a k e d  i n  0 .9% ~ a l l n e  
a t  3Y C .  (Number; i n  p a r r n i h e ; i s  re fe r  Lo i l i a n u i a i ~ u r r r - .  name. )  
I .  S h e l l  ChemLLal  C o .  5 .  3-M Company 9 .  E . I .  I)uPonL C o .  
2 .  T h i o k o l  Chemica l  C o r p .  6 .  Arms t rong  P r o d u L t s  10. D o w  C o r n i n g  
3 .  General M i l L s  7 .  F u r a n e  P l a s t i c s  I I .  Cilra P r o d u c ~ s  
4 .  Dow Chemical  Z u .  b. E .  V .  R u b e r i ~  & A;;uc. 

F i g .  10. Most epoxy resins and other p l a s t i c s  a r e  somewhat permeable t o  body f l u i d s ,  
and t h i s  can cause c i r c u i t s  contained there in  t o  d r i f t .  Though perhaps not  
a spec i f ic  c r i t e r i o n  of excel lence,  these changes i n  weight upon soaking 
a r e  suggestive. S i l a s t i c  does not much slow absorption by underlying p l a s t i c .  
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F i g .  1 1 .  X-ray image o f  Rhesus monkey w i t h  imp lan ted  t r a n s m i t t e r s  o f  ( f r o m  t o p  t o  
bottom) e l e c t r o c a r d i o g r a m ,  tempera ture ,  a c c e l e r a t i o n  or  mo t ion ,  and blood 
pressu re .  For a g iven t r a n s m i t t e r  s i z e ,  i t  i s  found t h a t  a s t r o n g e r  s i g n a l  
r e s u l t s  f rom a smal l  antenna c o i l  bes ide  t h e  b a t t e r y  than f rom a l a r g e r  
c o i l  e n c i r c l i n g  the  b a t t e r y .  
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Fig. 12. Multiple transmissions of several variables simultaneously from within 
even a small animal such as a rabbit are possible. Here are simultaneous 
recordings of (a) respiration from pressure changes measured in the chest 
cavity; (b) electrocardiogram from leads and transmitter implanted under 
the skin; (c) blood pressure from intact wall of the abdominal aorta; 
(d) temperature in the abdominal cavity; (e) motion, from an accelerometer 
in cavity; (f) electrocorticogram from an active electrode over the optic 
cortex; (9) light flash marker - a brief flash accompanies each downstroke; 
(h) brain-wave response to 1 ight flash as simultaneously analyzed by an 
evoked response computer fr o m  the electrocorticogram. 
markers are at top and bottom. 
omnidirectional antenna consisting of three perpendicular coils wound on 
a ferrite sheet. 
before being added and passed to receivers used to decode the different 
frequency transmissions. 

One-second time 
These signals were all received by an 

The three outputs passed through frequency doublers 
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F i g .  13 .  The blocking version of  F i g .  2 i s  pulse frequency modulated by motion 
o f  a ferromagnetic armature i n  response t o  pressure changes. The 
frequency s e n s i t i v i t y  for  several combinations i s  shown. 
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Fig. 14. Telemetering deep body temperature from within a 400 pound tortoise on 
the Galapagos Islands. The circuit o f  Fig. 2 was used with a two 
microfarad base condenser, thus giving a pulse rate that could be timed 
with a stop watch. 
strong to an unmodified pocket radio receiver seen resting on the shell 
o f  the animal. 

Transmission through this thickness of tissue was 



1 Monostable I I Monostable I 
Receiver - multivibrator - multivibrator 1 1 T t l  r n s  1 1  T 

I I I I I I I 

Fig. 15. Arrangement of booster retransmitter for use with endoradiosondes 
employing pulse frequency modulated transmission. Depending on 
receiver construction and the closeness of ingoing and outgoing 
frequencies, a single multivibrator may be sufficient. In this case, 
an omnidirectional receiver for strong signals may simply employ 
three coils feeding the input through any rectifier type. A booster 
transmitter for continuous oscillation signals must have a local 
oscillator to produce a frequency shift so that output will not 
affect input. 
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Fig. 16. Transmitter used to track and monitor body temperature of the Galapagos 
marine iguana at ranges o f  100 feet. 
transmitter on periodically at a rate that can be timed with a stop 
watch, and whose frequency is determined by temperature. 
this transmitter would normally be carried externally, with the thermistor 
in a probe. However, one can design partially soluble transmitters which, 
after being swallowed, would eventually fragment due to electrolytic 
action, and then the pieces spontaneously pass. 

The multivibrator switches the 

Though small, 
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a. b. 

Fig. 17. Configurations of coil pairs providing no direct coupling between members: 
(a)  coils perpendicular; (b) coils essentially in the same plane. A 
passive transmitter (LC tuned circuit with one member varying in response 
to some physiological variable) in the vicinity of such a system can 
carry energy between coils at its characteristic frequency. Thus it is 
found that an oscilloscope connected to one coil will show a maximum 
that contains the required information when an input radio frequency to 
the other coil is cyclically scanned up and down. If the energizing field 
is made uniform, signal strength falls off with the cube rather than sixth 
power of distance. 
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F i g .  18. Another type o f  t r a n s m i t t e r  t h a t  migh t  be termed pass ive .  T h i s  e x t e r n a l l y  
energized t r a n s m i t t e r  te lemeters  temperature,  sensed as c a p a c i t y  v a r i a t i o n s .  
Power i s  induced i n t o  t h e  f u l l - w a v e  vo l tage-doub ler  a t  one megacycle, and 
t h e  s igna l  r e r a d i a t e d  a t  100 k i l o c y c l e s .  The condenser must be chosen s o  
t h a t  i t s  d i e l e c t r i c  shows no h y s t e r e s i s  i n  a temperature c y c l e .  



. 

F i g .  19. A s o l u b l e  t r a n s m i t t e r  perhaps i s  n o t  f e a s i b l e ,  b u t  a l a r g e  one which spon- 
taneously  fragments i n t o  smal l ,  read l y  passed p ieces can be b u i l t  around 
the  above connect ion.  The e l e c t r o l y  i c  a c t i o n  between the  s p r i n g  and w i r e  
e v e n t u a l l y  causes f ragmentat ion when placed i n a  f l u i d  such as g a s t r i c  j u i c e ,  
and the  t ime de lay  i n  some cases can be increased by p l a c i n g  a r e s i s t o r  i n  
s e r i e s  w i t h  t h e  spr ing.  I n  genera l ,  t r a n s m i t t e r  s i z e  i s  l i m i t e d  by the  
antenna and perhaps the b a t t e r y ,  r a t h e r  than the  e l e c t r o n i c  components; 
i f  a s imple s i z e  change o f  i n e r t  components i s  a l l  t h a t  i s  des i red ,  s o l i d  
g e l a t i n  p r o j e c t i o n s  on t h e  capsule cou ld  be used. Such an arrangement 
m igh t  a l l o w  a l a rge  u n i t  t o  remain i n  the stomach f o r  a pe r iod ,  a f t e r  which 
i t  cou ld  s a f e l y  pass. Absorbable su tu re  can be spr ing- loaded t o  t e a r  a 
t h i n  g o l d  w i r e ,  a f t e r  a de lay,  f o r  s i m i l a r  purposes. The same system can 
be used t o  re lease  medicat ion,  or t o  open and then c l o s e  a sampl ing capsule 
a f t e r  f i x e d  t imes. Experiments may prove t h a t  s imple s o l u t i o n  o f  an i r o n  
w i r e  w i t h  a permeable i n e r t  c o a t i n g  may s i m i l a r l y  serve. A probe of i n t e s -  
t i n a l  s i z e  can s i m i l a r l y  be const ructed,  w i t h  f ragmentat ion upon e x t e r n a l  
s igna l  be ing e f f e c t e d  by an e x t e r n a l  a.c. f i e l d  demagnet iz ing and causing 
r e p u l s i o n  between "permanent magnets" h o l d i n g  t h e  p a r t s  together .  
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